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Abstract 
The wide dissemination and use of statistics about territories has induced a need for more validation and 
understanding about those data. We propose an interface that eases the exploration of spatio-temporal data using an 
interactive cartographic tool by showing data with their metadata simultaneously. This system helps to check the 
consistency of a set of data through the use of known and efficient methods for detecting spatio-temporal outliers. 
Finally, on the basis of those observations, and of their own knowledge about the data, experts can generate and 
export a report on data quality, conform to ISO 19115 standard for geographic metadata. 
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1. Introduction 
Spatial planning requires the knowledge of many development indicators, in the field of demography, 
economy, society or environment over extended time periods. These territorial statistical indicators can be 
used to develop scenarios of change upon a long time period of geographical areas such as Europe and 
North Africa, for example. Unreliable data, incomplete, because of many input errors or due to a biased 
methodology can produce approximate or even wrong anticipatory scenarios. It has been argued for a 
long time that more attention should be paid to data quality inside Geographical Information Systems [1], 
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and statisticians have stated that the ability to measure and document the internal quality of data inside a 
statistical information system is essential for the usability of data [2]. Metadata collection is a first step to 
reach this goal [3], because they describe how the data were collected, computed, and what is the 
expected usage and quality of the documented dataset. A semi-structured format based on an ISO 19115 
profile has already been defined in order to collect metadata [4] for territorial statistical indicators. 
However, concerning the internal quality of data, the collected information is rather poor, or provided in 
unstructured formats, like PDF files, because filling metadata forms is a rather tedious task.  
ISO 19113 [5] has defined seven criteria to describe the quality of a dataset: geometric, semantic and 
temporal accuracy, completeness, logical and semantic consistency, and lineage. However, this work is 
focusing on the semantic accuracy of the data, which « provides information on the difference between 
the values of non-spatial attributes and their real value and thus gives us the deviations of measurements 
of qualitative attributes (classification) or quantitative attributes » [6]. Concretely, the question is about 
the confidence level that can be granted to the various figures that are associated with each spatial unit at 
one time. For instance, we would like to question the value for unemployment published in France, for 
January. Based on the assumption that there is not any reference dataset that could be used to validate the 
data, we propose to check their internal consistency by using outlier detection methods. For instance, if 
the value in January is very different from previous ones, and if the values of this variable during this 
time period in Europe are changing, the value may be correct. On the contrary, if the value is abnormal in 
the time series, but also in comparison with its spatial neighbourhood, and that there is not any change in 
other correlated economical or social indicators, there may be an error in this figure.  
Searching a true outlier is not an easy task. A great number of statistical methods can be used to check 
the consistency of data [7]. However, their results are not always converging, and they depend highly 
from hypothesis made by the expert on data distribution. Moreover, most of the time, those statistical 
methods are implemented inside tools that require preparing data in their proprietary format. For instance, 
there is not any interface allowing a user to pick up data from a database, to select the statistical method 
and its parameters, and to analyze the results in handy way, or better, to compare the results of various 
methods. Furthermore, detecting an outlier is not always sufficient to determine if there was an error on 
the figure: for example, the value of Gross Domestic Product (GDP) of Liechtenstein is very high when 
compared to its spatial neighborhood, without being a mistake. Only an expert can determine the level of 
reliability of each outstanding value. In order to assist such an expert in her/his analysis, it seems useful to 
show the value with its metadata, explaining the source of value for example, but also the level of 
confidence given by the provider of this value.  
Thus, we propose a system called QUALESTIM (for "Quality, Space, Source, Time, Indicator and 
Metadata") where experts can combine various statistical methods for searching outliers, and compare the 
results through a spatio-temporal visualization interface. Our system provides support to the quality 
assessment process via the conjoint view on results produced by statistical methods and metadata about 
the data, inside an interactive cartographic tool, including temporal functionalities. At last, experts can 
export ISO 19115 compliant data quality reports, embedding their own opinion about the data quality in a 
structured format.  
This paper is organized as follows : the first section gives an outlook on related works for outlier 
detection and quality assesment in the domain of Exploratory Spatial Data Analysis. The second section 
describes the architecture and the process for evaluating the data quality using QUALESTIM. A third 
section illustrates the approach with the evaluation of a GDP growth in Europe between 2000 and 2005. 
The final section presents the outlook of this work. 
2. Spatio-temporal data exploration using statistical analysis 
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An outstanding value (an outlier) is defined as an observation that deviates from the average value of 
the sample in which it is observed [8]. This definition has to be refined : an outlier deviates from a model 
that has been choosen as the best to describe the data distribution, which can have many shapes (gaussian, 
log-normal, etc.). This explain that there is great variety of (geo) statistical methods that can be used for 
detecting outliers. Furthermore, one can measure the level of similarity of a value with the sample 
according to one or more dimensions : the thematic, spatial or temporal dimension. For instance, in the 
spatial dimension, similarity indices are computed using a spatial neighborhood, basing on the first 
geographic law of Tobler, saying that “Everything is related to everything else, but near things are more 
related than distant things.”. In the case of thematic approaches, like for instance the Principal Component 
Analysis method, it is the correlation between variables that is measured.  
Thus, computing an outlier requires the usage of (geo) statistical methods. There are many tools 
having this capacity, but not much with the visual exploration of spatial data. For example, spatial 
analysis tools as SADA [9] Geoda [10], CrimeStat [11] offer some statistical spatial analysis functions, 
coupled with visualization features and exploration data. However, apart from Geoda, which is open-
source, the code implementing the functionality of these tools is not reusable by other developers, and not 
specifically oriented towards quality assessment. In addition, these tools import data in proprietary 
formats (shapefile, DBF, Excel, etc.) without providing connection to any spatial-temporal database. 
Other tools, such as QuantumGIS [12], or GRASS GIS [13] propose to get the data from open source 
databases (PostgreSQL, or MySQL), coupled with data visualization capabilities, for map interface. It 
should be noted that the GRASS GIS spatial analysis capabilities can be extended, by the integration of R 
scripts. The open-source R library [14] turns out to be a language of expression for many statisticians that 
can be used to compute missing values [15] or to make some spatial analysis [16]. For example, Geoda 
relies on R: its contributors regularly enrich R with new methods. 
The main problem of these tools is that they do not show the metadata associated to the data, using 
maps and interactive representation that would allow users to link the information gathered on the 
analyzed dataset with the analysis results. The reason why these tools are not able to display the metadata 
is the schema used to import data does not include metadata: spatial data, in particular, are simply reduced 
to the combination of a map background (all geometries) and thematic attributes, with no information on 
the origin of values, or description of methods of data evaluation. Even though the display of metadata 
records is spreading in the current GIS, it is still in a very primitive form (a separate textual document), 
and consultation is separated from data visualization. 
3. Our proposal with QUALESTIM 
Based on an open-source implementation in R of a subset of known methods for detecting outliers 
provided by the National Centre for Geocomputation [17], we propose an interactive system allowing for 
the data quality assessment inside a interface displaying data with their metadata. Using this system, a 
user could i) extract data from a spatio-temporal database, together with their metadata, ii) select, 
configure and run various statistical methods for outlier detection iii) display their results in a map and iv) 
produce a quality report on demand.  
3.1. Extracting data from a spatio-temporal database 
Through the interface of QUALESTIM, the user can select and visualize in a cartographic window a 
sub-set of data extracted from a spatio-temporal database. This spatio-temporal database is based on an 
identity model taking into account the change between various versions of the NUTS nomenclature [18]. 
This model focuses on geographical units, that have a validity period, an identity (name, center, etc.), a 
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spatial extension (the geometry of the units, which is versioned according to the NUTS version) and a 
thematic part. It has been implemented in ESPON 2013 database project of the ESPON agency funded by 
the European Union [19] using the postgreSQL DBMS with PostGIS. 
The thematic part describes the indicators available for these units, using a set of metadata. These 
metadata are structured according to a profile of the ISO 19115 standard, taking into account the three 
levels of information of a dataset [4]. Each dataset is described by its title, an abstract, and some other 
information concerning its distribution, maintenance, and some contact parties playing a role for this 
dataset (like distributor, originator, etc.). A dataset contains a set of indicators, having a code, a name, a 
unit of measure, a methodology for the measure, a definition, and a validity period. Each indicator is 
supposed to have a value for each geographical units composing the study area of the dataset with a 
timestamped value. Those values have a lineage, a quality report, and some legal constraints concerning 
their diffusion. The lineage indicates the source name, the date of publication, and the name of the 
provider who published this value. Moreover, a textual description of the computation method 
(mentionning if some readjustement, estimation was done) can be found, with possibly a multimedia 
document (a PDF file) containing all the methodology used to produce this data.   
When looking at the tab “indicator”, the user can quickly have an overview of the spatial repartition of 
the indicator. Indeed, this tab contains a choropleth map with a time cursor, wherein each unit is colored 
according a color gradient, darker for higher values. By clicking on a unit, he can get all the metadata 
concerning the value: the dataset it comes from, the full description of the indicator, and the lineage and 
quality information about this value. 
3.2. Using an outlier detection method 
Also, the user can use QUALESTIM in order to search for outstanding values, according to two 
dimensions: thematic and spatial. For this, he chooses one of the following outlier methods, which have 
been embedded in the java-based system using the Java/R Interface (JRI) : Standard or adjusted boxplot, 
bagplot, mahalanobis distance, Principal Components Analysis (PCA), Hawkins test, Local Regression, 
Multiple linear regression, Geographically Weighted Regression. Some methods combine the analysis of 
many indicators and examine the thematic or spatial autocorrelation existing between values. 
If the method needs some parameters, as for instance the Hawkins test that requires a scope and a 
value for the Khi-two limit, the interface proposes interactively a form to fill them. After the execution of 
each run, a choropleth map in the tab “outliers” is displayed showing in red colour units whose values 
have been considered as exceptional. All runs are saved in a memory space, with their results, and this 
allow the user to combine many results in order to check whether a value is an outlier for all the set of 
methods he has tried. In this case, he can give his own opinion about the reliability of the value in the 
“expert” dialog form. The user can export a ISO 19115 [20] compliant quality report about the values he 
has studied, embedding all the knowledge about the kind of methods, the parameters and the results he 
has obtained. 
4. Illustration through a study case 
We present a case study to illustrate our proposal, and shows how QUALESTIM allows for the 
evaluation of the quality of a dataset. The evaluation focuses on the evolution of the Gross Domestic 
Product (GDP) in countries of the European Union from 2000 to 2005 in the version of the NUTS 2003 
nomenclature at level 3. The observed indicator is a percentage and was calculated by dividing the GDP 
per capita in 2005 by the GDP per capita in 2000. 
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Through the interface, the user can choose one dataset from the underlying spatio-temporal database, 
specifying the study area, the zoning level and the indicator (evolution of GDP from 2000 to 2005). The 
interface is automatically updated: a choropleth map appears in the display area, and units are colored 
according to the value of GDP. Clicking over any unit in the map, the corresponding metadata are 
displayed on the right: for example, while a majority of values come from Eurostat, the value in 
Kyustendil (Bulgaria) is an estimation made by the project ESPON 2013 Database. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Outliers’s map in the QualEstim interface. 
In this scenario, the user decides to analyze  this dataset using several univariate methods, spatial or 
thematic, which are: standard and adjusted Boxplot, Hawkins test, residuals from the local regression, 
multiple linear regression and geographically weighted regression fits. Map of exceptional values derived 
from the technique of Hawkins (spatial method) indicates that the particular value of the territorial unit 
“Kyustendil” in Bulgaria is exceptional. By using the Boxplot standard, the values of territorial unit 
"Latgale" in Latvia or, again, "Kyustendil" in Bulgaria are also considered as outliers.  
The outliers’s map, see Figure 2, displays a synthesis of the various analysis by overlapping all results 
on this choropleth map, where darker colors correspond to the values that have been estimated as outliers 
by the majority of the used methods. For instance, "Latgale" is colored in yellow because its value is 
considered as exceptional by only one evaluation, while "Kyustendil" is colored in dark red because its 
value was considered as exceptional by all evaluations. Thus, drawing its attention to the outstanding 
value of Kyustendil, the user can also see that this value results from an estimation process by looking at 
the metadata. As expert, the user can then revise downwards the reliability attached to this value into the 
"expertise" tab, and choose to export a quality report for this dataset compliant with the ISO 19115 
standard.  
5. Conclusion 
In this paper, we have briefly described a system dedicated to the internal quality assesment of data, 
mainly territorial statistical indicators, extracted from a spatio-temporal database, using outliers detection 
methods. We have proposed an interface where users can choose and configure one to many statistical 
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method(s) for the detection of exceptional values on a selected sub-set of data. This interface allows users 
to compare several evaluations in a map, and interpret the results in the light of the metadata associated 
with the collected data. A first prototype of QUALESTIM has been developed but still has to be 
improved.  
For instance, we are currently exploring the way of fully integrating the temporal dimension by means 
of an automatic harmonisation process. It would compute on the fly a time series of indicators in any 
zoning version of interest. This will allow the use of a time cursor on a map, for observing evolutions of 
data through the time, on a zoning version choosen amongst the various versions of NUTS (1995, 1999, 
2003, 2006), but also to integrate outliers detection methods dealing with the temporal dimension.  
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